Background: Angiogenic factors which control the angiogenic process represent a promising strategy for restoration of blood flow, but require further evaluation before clinical use. Exercise has also been reported to induce neovascularisation in muscles. Objectives: To evaluate the angiogenic effects of basic fibroblast growth factor (b-FGF) and acidic fibroblast growth factor (a-FGF) on rat gastrocnemius muscle, when administered intramuscularly, and to compare them with those obtained by daily exercise. Methods: Forty nine rats were allotted to the following groups: A, controls; B, exercise by swimming; C1 and C2, intramuscular injection of b-FGF and a-FGF respectively; D1 and D2, b-FGF and a-FGF injection in combination with exercise. The antibody mouse anti-rat CD31 was used to evaluate the numbers of blood vessels present in histological preparations of gastrocnemius muscle. Results: Significant increases in the numbers of blood vessels of the right gastrocnemius muscles in groups C1 and D1 were observed compared with controls (p,0.05). There was only a slight increase in angiogenesis in the left gastrocnemius muscle of groups C1 and D1 compared with controls (p.0.05), and there was a decrease in angiogenesis in the gastrocnemius muscle of the swimming group compared with controls. Conclusion: The intramuscular administration of b-FGF, but not a-FGF, induced significant local angiogenesis in gastrocnemius muscle at the site of injection.
A ngiogenesis is a complex process involving sprouting of endothelial cells from pre-existing microvessels and their subsequent development into new vessels. It normally occurs during embryonic growth, but also in certain conditions in adult life. 1 Formation of new vessels in the endometrium of women during their monthly menstrual cycle is one such example. Furthermore, exercise can lead to changes in muscle mass, a process associated with angiogenesis. 2 In addition to the physiological events related to angiogenesis, a variety of pathological conditions are known to be associated with it, including diabetic retinopathy, malignant neoplasms, rheumatoid arthritis, and angiomas. 3 Fibroblast growth factors (FGFs) and the FGF receptor system available today for treatment of clinical conditions associated with ischaemia represent a promising strategy for restoration of blood flow and require further evaluation before extensive clinical use. 4 The FGFs are a family of at least 20 peptides that have angiogenic properties. Initially, FGFs were isolated from the brain by Gospodarowicz in 1974. 5 Since then, various peptides of similar structure in various tissues have been found to manifest similar angiogenic properties. 4 Acidic (a)-FGF is a 140 amino acid polypeptide which has 55% homology with basic (b)-FGF, which consists of 154 amino acid residues. Both peptides are expressed in a variety of tissues including brain, pituitary, myocardium, kidney, and liver as well as macrophages and endothelial and muscle cells. FGFs act as protein mitogens stimulating angiogenesis under various physiological and pathological conditions. Physiologically, they are also implicated in brain development, cartilage formation, soft tissue repair, migration, and differentiation of cells of mesenchymal or neuroectodermal origin. These factors are also implicated in pathological processes, such as neoplasms, as they induce the neoangiogenesis associated with tumour growth. 6 7 Although angiogenic therapy using recombinant growth factors holds much hope for the treatment of ischaemic diseases, there are still many unanswered questions, including the best method of administration, the correct dose, and the duration of the treatment.
As the use of recombinant angiogenic growth factors holds much hope for the treatment of ischaemic diseases, the aims of this study were to evaluate if the intramuscular injection of b-FGF and a-FGF into the right gastrocnemius muscle of the rat would induce local angiogenic effects in that muscle and to compare them with those achieved by exercise. The choice of the right gastrocnemius muscle was random.
MATERIALS AND METHODS

Design
Forty nine male Wistar rats (330-400 g body weight; age 4 months) were used for this study. During the experimental period, the animals lived under stable conditions of temperature and a reverse light cycle programme, and were allowed to eat ad libitum. They were divided into six groups (table 1) .
Group A, consisting of 14 rats, were controls. This group was subdivided into: A1, seven rats to be compared with the swimming group; A2, seven rats in which 0.1 ml saline was injected via a syringe of insulin under ether anaesthesia into the middle of the right gastrocnemius muscle every three days for 15 days.
Group B consisted of seven rats that swam in water of constant temperature (36˚C) every day for 15 days. The duration of the swim was five minutes on the first day and this increased progressively up to 60 minutes on day 10, after which it remained constant until the end of the experiment. 8 Group C1 consisted of seven rats that received 1 mg b-FGF injected via a syringe of insulin into the middle of the right gastrocnemius muscle under ether anaesthesia every three days, for 15 days. Group C2 consisted of seven rats that received an equimolar dose of a-FGF (0.88 mg) instead of b-FGF according to the same protocol.
Group D1 consisted of seven rats that received b-FGF as described for group C1 but in combination with swimming as described for group B. Group D2 consisted of seven rats that received a-FGF as in group C2 but in combination with swimming as in group B.
The rats were killed on the 18th day, and the gastrocnemius muscles from both legs were removed, weighed, and sent for histological examination.
Histological examination
The tissues were fixed in 10% formalin, embedded in paraffin, cut transversely into 3 mm thick sections in the middle of the specimen, and studied by immunohistochemical techniques. 9 To evaluate angiogenesis, blood vessels were detected by the use of a monoclonal mouse anti-rat antibody (CD31, clone: PECAM-1; Dako, Glostrup, Denmark), which recognises the surface antigen CD31 of endothelial cells of mice. The immunohistochemical method of alkaline antialkaline phosphate (APAAP) was used according to the manufacturer's instructions (Innovex Biosciences, Richmond, CA, USA). 10 In brief, the sections were deparaffinised, rehydrated, and subjected to proteolysis with the protease enzyme, type XXIV, at 37˚C for 20 minutes. The primary antibody was added to the sections under review at 1:10 dilution, for 30 minutes at room temperature. The sections were then washed in Tris buffered saline. Serum originating from the reaction of rabbit serum against mouse serum was used as a secondary antibody at a dilution of 1:50 for 30 minutes. After the sections had been rinsed with Tris buffered saline, the two last stages were repeated for 10 minutes each. Staining was achieved by incubation in new fuchsin solution for 20 minutes. Normal mouse IgG instead of primary antibody was used as a negative control.
After inspection of the gastrocnemius tissue sections at low power (640 and 61000), angiogenic activity was quantified by counting all vessels with clear lumen or linear shape per optical field, at 6200 magnification. Single endothelial cells were not included. Counting was performed in all available optical fields of the tissue section, and then the three fields of highest vessel density (hot spots) were used to obtain a mean value, which was the final score for each case. The two pathologists, who performed the assessment on a conference microscope, were blinded to the group of animals. 10 
Statistical analysis
The following variables were analysed: body weight at the beginning and end of the experiment; weight of each gastrocnemius muscle (left and right leg); number of blood vessels per optical field in each gastrocnemius muscle. Descriptive statistics were calculated for all groups. Comparisons among groups were performed with the Mann-Whitney U test and Kruskal-Wallis test using the Statistica 4.5 statistical package for Windows (StatSoft Inc, Tulsa, Oklahoma, USA). p,0.05 was considered significant.
RESULTS
Effects of exercise, b-FGF, and a-FGF on angiogenesis in gastrocnemius muscles
There were no deaths from the repeated anaesthesia. Also no difference in angiogenesis was observed in the gastrocnemius muscles between the control groups A1 and A2 (table 2, fig 1A) .
Comparison between groups A1 and B revealed a significant reduction in the number of vessels in both right (p,0.05) and left (p,0.05) gastrocnemius muscles triggered by exercise (table 2, fig 1B) . On the other hand, comparing the muscle weights between group A1 and group B (table 3) , a significant increase in the weight of both the left (p,0.01) and right (p,0.01) muscle was triggered by exercise.
In group C1, the mean number of blood vessels was different in the right gastrocnemius muscle, where b-FGF was injected intramuscularly, from the left gastrocnemius muscle (table 2) . Comparison of group C1 with controls (group A2) with regard to the vessels in the right and left gastrocnemius muscle reveals that b-FGF increased vascularisation significantly (p,0.05) and selectively only in the right muscle (table 2, fig 1C) . Furthermore, in group C1, the number of vessels in the right and left muscles was significantly higher than in the muscles of group B (p,0.005 and p,0.05 respectively).
It was also observed that the number of vessels in the right muscle in group C2 was significantly higher than in group B (p,0.05) but not higher than in group A2 (table 2, fig 1D) . However, groups C2 and B did not show any differences in angiogenesis in the left gastrocnemius muscle.
The combined administration of b-FGF and swimming (group D1) resulted in different effects on the right and left gastrocnemius muscles (table 2) . Compared with group A2, in group D1 vascularisation was significantly increased in the right muscle (p,0.05) but not in the left one ( fig 1E) . Similarly, the vessels in the right and left muscles of group D1 were significantly increased compared with those of group B (p,0.005 and p,0.05 respectively).
In group D2, it was also observed that the number of vessels in only the right muscle, and not the left one, was significantly higher than in group B (p,0.05) (table 2, fig 1F) .
Swimming appears to significantly decrease the vascularisation of both right and left gastrocnemius muscles compared with controls, probably as a result of changes in muscle mass. The intramuscular injection of b-FGF significantly increased vascularisation locally in the right muscle into which it was injected, whereas the intramuscular injection of a-FGF did not result in vascularisation of the injected muscle. When there was simultaneous administration of angiogenic factors and swimming, only b-FGF caused a major local increase in vessels in the muscle injected. No angiogenic action of either b-FGF or a-FGF was observed on the left side perhaps because of the predominance of the effects of exercise. 
Effects of exercise, b-FGF, and a-FGF on the weight of rat gastrocnemius muscles
The weights of the right and left gastrocnemius muscles were also determined at the end of the experiment as an index of muscle mass (table 3) 
DISCUSSION
Angiogenesis, the creation of new vessels from pre-existing ones, is a complex process initiated under various physiological (embryonic growth, exercising muscles, menstrual cycle) and pathological (tumours, ischaemia, etc) conditions. 6 Although the exact mechanisms underlying angiogenesis are A1, No treatment; A2, 0.1 ml saline injected into the right gastrocnemius muscle every three days for 15 days; B, made to swim every day for 15 days; C1, 1 mg basic fibroblast growth factor (b-FGF) injected into the right gastrocnemius muscle every three days, for 15 days; C2, an equimolar dose of acidic fibroblast growth factor (a-FGF; 0.88 mg) injected into the right gastrocnemius muscle every three days, for 15 days; D1, injected with b-FGF in combination with swimming; D2, injected with a-FGF in combination with swimming. Firstly, tumour progression is characterised by excessive angiogenesis where vessels develop in an uncontrolled manner. The now generally accepted concept that growth of most types of tumours requires angiogenesis was put forward by Folkman and others. 7 11 Secondly, ischaemia is a condition in which the blood supply to the cells is reduced, and angiogenesis may be a compensatory mechanism by which the problem can be bypassed. 12 Strategies for increasing angiogenesis are applicable in this case. A large number of cytokines have been recognised to cause neovascularisation, but FGF and vascular endothelial growth factor (VEGF) have shown the best results in experimental models and clinical trials.
In one study, 13 b-FGF was administered to dogs intramuscularly or intravenously, and the angiogenic effects on the limbs were observed independently of the method of administration. In the clinical study ''TRAFFIC'', 14 b-FGF was infused intra-arterially into patients with intermittent claudication. Patients with moderate to severe intermittent claudication improved their exercise capacity, with no significant difference between those who received one dose and those who received several doses.
Current evidence suggests that angiogenesis is regulated through the balance between various stimulatory and inhibitory factors, and exercise can upregulate angiogenic factors, one of which may be b-FGF. 15 In experiments on exercise training of skeletal muscles for example, VEGF has been shown to be a more important regulator of angiogenesis than b-FGF. 16 Similar conclusions have been reported by others, who showed increased VEGF mRNA in skeletal muscles after exercise in rats 17 18 and humans. 19 20 Furthermore, experiments involving electrical stimulation or short term exercise training of skeletal muscles 21 22 have suggested that VEGF and angiotensin II play an important role in exercise induced angiogenesis. Some data 23 suggest that VEGF, except biological activities in endothelial cells, induce elongation and migration of desmin-positive pericytes and coverage of angiogenic capillaries. VEGF can also cause a significant decrease in intercapillary spaces, an indicator of intussusceptive vascular growth. Although most researchers agree that angiogenesis through exercise is mediated by angiogenic factors, other investigators 24 have reported that exercise induced angiogenesis in skeletal muscles of rats with obstruction of the crural artery was not associated with changes in tissue content of b-FGF.
We have recently reported that both exercise and intramuscular administration of VEGF increases angiogenesis in rat heart, although only exercise alone increased angiogenesis very significantly. The combined protocol (administration of growth factor and exercise) led to an increase in angiogenesis in the cardiac muscles. 25 In this study, we injected b-FGF and a-FGF intramuscularly into the right gastrocnemius muscle. We observed a local angiogenic effect with b-FGF but the effect of a-FGF was negligible. Also exercise reduced the number of vessels per optical field in the skeletal muscles. As our method detects vessels per optical field, the only explanation of the above results is that increased muscle mass led to the artificial result of a reduction in angiogenesis. From the results of angiogenesis when FGF administration was combined with exercise, we can conclude that only b-FGF led to a local increase in angiogenesis in the injected muscle, with a-FGF only having slight local effect.
In conclusion, this study shows that intramuscular injection of b-FGF but not of a-FGF is effective in skeletal muscle only locally and at high concentrations. These observations are interesting with regard to the potential administration of b-FGF to alleviate conditions characterised by insufficient blood supply, such as limb ischaemia. Also, the study provides a basis for further application of b-FGF in humans for the treatment of ischaemic vascular lesions.
